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(57) Abstract 

A device for occluding a vtjicl employs one of a number of different expansion membera joined to one or more elongate memben. 
The expansion member nuy inchide a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suiuble membrane, the device seals with the vessel wall to ptnially or completely occhxie the vessel. A 
perforated membrane may be used to permit the perfusion of bk>od. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate memocrs. Alternatively, the expansion member may be expanded by heating IL 
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OeCUISIOII OF A VESSEL 

BaekBf«nndfltthahiiiyiiM 

FwW of thn Inywitian 

Thi prtSMit mvntion ralatBS gtMnHy tp the oeekuion of ■ nsnl within • patiut, and mora spedfieally. 
to an apmratiB and mathad of partiaBy or comptatriy occludino ■ »woL 
DaaaimiBn iif tha HetatPH ^rt 

Attempti heratofora have bean made to treat eectamiu in tha carotid arteries iaadiiio to the bnii. 
Howavv. uch arteries have been very diKicuh to treat because of the possUity of didodgino Phque which can 
enter various arteiiei vessels of the brain and cause perminent brain damage. Attempts to trait such occfejsions 
writh baiioon angioplasty have been vary linited beeeusa of wch dangers, in surgical traatmentt. such as 
ondertereeumy, the carotid artery it slit and plaque b ranioved from the vassal ei tha slit area. Such swgal 
preeadures have substantial risk associated with them which can taad to morbidity and nwtality. 

In other proeeduias. such es in engioplisty end in the treatment of peripheral anaries and veins, there is 
the possibility that the guide wves end eethiters used in such procwiurcs during deptoyment of the same mey cause 
disJodgemeot of debris or embofi which can flow downstream and cause serious demage: such as stroke, if they 
oeckids biood ffciw in smaler vessels. Thus, in summary, embolization end migration of micro^ibol downstrnm 
to an end otgen is s major concern of cardiologists during cathetsrintions. 

Thnre a therefore need for new end improved epperatus and methods which make it possible to trut 
oeekidad vassals without endangering the petienL 

Smiiiafv Bf thn limitiHn 

Thii present invention satisfies the need for a device that occludes a vessel, m particalar, a vessel in a 
patieot undcgoing therapeutic or other medical ueatmem. Any one of s mmiber of diHerent eipensnn members 
era ioined to one or more elongate members such es hypotubes to form e device tbet completely or partially occludes 
e vessel witliin a patient. The expansion mambar may be self-espeoding, h mey be eipanded by engaging it with 
one of the elongate members, or it may be hseted to cause it to expand. A mmbrane preferebly surrounds the 
eipanskin mniier so that a seal is made between the membrane and the vessaL The perfusion of btood is eUewed 
if tha memb-ane b perforated. Partbl occfaston may be obtainad without a membrene if e suitabta eipansnn 
member b ctiosen. In general, m one aspect of the present imnntioa there b provided en apparatus and method 
thet can be used with approved diagnostic end therapeutic devices to reduea the chance of emboli migrating 
downstroan Ahernatnely. the expansnn member mey enehor an mtravasculv device withio a vassal 

One embodiment of the present invention a e device for occkidmp a vascular segment n which the device 
indjdes en eipension member end first end second elongate mentwrs. The fist elongete membv engeges the 
upsnsbn member, end the second elongate menAer surrounds the tint elongete mniier. with the eipenston nvnber 
expending to ocehide the vascular segment when one of the elongate members b moved lonBttudinelly. Tl» 
expansion member preferably inckides e braid, a col. a ribbon4ke structure, a slotted tube, a plurality of rls or a 
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fittir4ik4 mesh. The device may the hckide matiriil that adjoins the expansion mender for creating a partial or 
total seat with the vascular seomant. 

In one particuiar embodiment the expansion member is in an uneipanded state when it is surroirnded by 
the seumd elonoate member, but expands when the first elongate member is pushed through the second eiongaie 
member. In another embodiment, both the first and second ebngme members are secured to the expansion rmttUt. 
and the expansion member expands as the first elongate member ts retracted. 

Another embodvnent of the invention is a method of ocdudino a segment whMn e vesseL which includes 
the step of inserting first and second ejongate members into the vessel to be occkfded (in which the first elongate 
member adjoins an expansion memberK folowed by the step of varying the position of et keast one of the elongate 
memberi so that the expansion member expands until the vessel is completely or partially occluded. In one 
embodimem, the varying step inchidu retracting one of the elongate memberi end in enother embcdiront the 
varying step comprises pushing one of the elongate members through the other elongate member. In yet another 
method cf occhidng a segment wwthin a vessel an expansion member is inserted wHhn the vessel and the expansion 
member is heated to cause it to expand until the vessd is at teast partially occluded. Neatiig the expansion member 
may imrohte. for exan^, passing electrical current through it or passing wami solution over or near it. 

Brief Description of the Drawinya 

FIG. 1 is a stde^vational view ti section of one embodiment of a catheter apparatus incorporating the 
present invention for treatiig ocduded f essats. 

FIG. 2 is a side-etevatlonal view in section simiar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, e self-expandable seal) deployed. 

FIG. 3 is a side<«iovationai view ri section of another embodimant of a catheter apparatus incorporatng 
the present invention for treating ocduded vessels. 

FIG. 4 is a view similar to FIG. 3 but showmo the expansion member (in tfe case, a seff-expandable seal} 

deployed. 

FIG. 5 is a schematic, longitudinal cross sectional view of an embodimvn in whid) a membrane only 
partially surrounds a braid used as the expansion menter. 

FIGS. 6A and 6B show end views of unpeHorated and perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal aoss sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a filter-fike mesh is used 
as the expansion member. 

riG. 9 is a schematic, longitudinal aoss sectional view of an embodiment in whidi e slotted tube b used 
as the aipansion member. 

FIG. 10 is a perspectwe view of the slotted tube used in the embodmnt of FIG. 9. 
FIG. 1 1 is a schematic, longrtudinal cross sectional view of en embodiment in which e coil is used es the 
upansion member, and the proxral end of a memorane surrounding the coi adjoins the coil 
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FIG. 12 is a sctonitic. longitudinal crou sectional view of an mM'rmx in which a cod h used as the 
enwnsbn mamher, and the proiimat md of a membrane surroundng the coi adjoins a sheath that surrounds both 
first and second elongate members. 

FIG. 12A B an cmbodsnent simitar to that shown in FIS, 12. h which resistive heatrg is used to eipsid 
the upansion member, with current being comlucted through wires being anached to either side of the expansion 
member The expeosion member as shown is partialy deplered. 

FIG. 12B is an embodiment similar to that shown in HG. 12A, in wivch resistira heetmg is used to expand 
the expansion member with current being comlucted through e wire being anached to the distal end of the expansion 
member end through e coeting on the first elongate membei . The expansion member es shown b pantaHy deployed. 

RG. 13 is e schematic, side cross sectional view of an entodimBnt in which a pluraity of ribbons are used 
as the eipansion member. 

HG. 13A is an embodiment similar to that shown in FIG. 13, in which a warm solution passes between 
the first and second elongate members to transfer heat to the eipansion member, causing rt to expand. The 
expansion member as shown is partialfy depbyed. 

FIG. 13B is an embodimant simiar to that shown in FIG. ISA, in which a warm solution passes through 
the first eiongaia member to trensfer heat to the expansion member, causing it to expand. The expansion member 
es shown is partially depbyed. 

FIG. 13C is an embodimem stnUr to that shown in FIGS, 13A and 13B, m which a warm solution passes 
through one or more bnwis in the first elongate member to transfer heat to the expansion member, ceusing it to 
expand. The expansion membir as shown is pertially depbyed. 

FIG. 14 is a schematic side cross sectional view of an embodinent in which a plurality of riu are used 
as the expansbn member. 

FIG. 15 is an isometnc vidw of an embodiment of the invention in which a puU wire is used to depby a 
pbratty of non-self-expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, tindepbyed poshion. 

FIG. 17 is a side ebvatcna) view of the embodiment of FIG. 15 in which the ribbons are depbyed, and the 
membrami makes a sea) with the vessel 

FIGS. 1BA and 188 show bngriudinal and end perspective views, respectively, of a bcking mechanism used 
with a wire that deploys an expansbn member. 

FIG. 19 is a perspective view of en ahemative bcking mechanism used with a wire that depbys an 
expansbn maniiar. 

FIGS. 20A. 20B. 20C, and 200 show, respectively, e braid, a fitter ike mesh, a sbtted tube, end e pbrality 
of coiU, v/hich can be used as atiernatrve expansion members in pbce of the rbbons in the embodiment of FIG. 15. 
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DttiM Dwcfininn of the f>rgf Bfred Embodimtitts 
The Kpansion imrtms dtsctnstd heriin jndudg braids, coiU, ribs* ribbon^t stmcturM, siotttd tubas, tnd 
fiiv4ikB rmshts. Tbm tpmrnn members may ba partialY eovarad or eompiatafy surrounded by a membrane or 
other covering to provide oeciision or seaiinQ of the vessel As used her«. •ecekision*' or -saalinQ-. and the lie. 
mean partial or complete blodcaoe of fluid flow in a vascular segment, as it is soreetimes prafarabie to allow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, elKtrical meens or 
thermomechanicel means, etc. as described herein. Expansion members that era deployed mechanicaliY «re preferably 
•spring-licB" in nature, i^. they are preferably resilient to facitate their deiiloyment or rHtractioo. 
Cetheter Apparatuses end Srff^fanandino BraiJt 

One embodiment of a catheter apparatus incorporating the present invention for treating occkided vessels 
is shown in Figures 1 and 2. As shown thereia the catheter apparatus 651 cortsists of a flexible elongate member 
652 whrch is provided with proxvnal and distal ememitiBs 653 and 654. A corrventional adapter 656 is mountod 
on the proximal oitrenmy and is provided with a Touhy-Borst fitting 657 which is in conmmication with a large 
central lumen 658 extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the adapter 656 as well as an irrigation fitting 662, both of which are in convnunication with the 
central lumen 658. However, it should be appreciated that if dasind, separate kinvns can be provided in the flexible 
eiongete member 652 for both of the fittings 661 and 662. 

Self-expanding seativ mechanism 665 is mounted on the distal extremttY 654. ThiTseH-expanding seeing 
mechanijn) 666 can take any suitable form. For example, as shown it can consist of a braided structure 667 formed 
of a 5Uft3ble shape memory material such as a nickel titanium aUoy that wi attvnpt to expand to a predetermined 
shape nvimory. Other than shape memory materials, other materiab such as stainless steel, Elgitoy~ titanium or 
other materials can be utifaed r the braid 667 as long as they have the capabOtty of expandng when the self- 
Bxpandfig seal mechanism is released. Also it should be appreciated that the self-expanding seal mechanism 666 
can be comprised of an absorbent material which when it absorbs uEne or blood expands to form a seal Such 
seab can ba readily accomplished beceuse it is only necsssary to form a seal of approximately 1.5 pst to prevent 
small particles from moving downstream. 

In order to prevent efarasion of a vessel, it is desirable to cover the braided stnjcture 667 with e coveimg 
688 of a suhable material such as a polymer or a biocompatiilB coating which extends over the braided structure 
887 and which moves with the braided structure 557 as it expands and contracts. The polymer can be of a suitable 
material such as sicone. C-llex. polyethylene or PET which would form e good sealing engagement with the wall 
of the anery. The covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding saaing mechanism 666 so that the opparatus 
can be iniened into the vessel 481 and consists of an elongate sleeve 771 having proximal and distal extrenities 
772 and 773 end a bore 774 extending from the proximal eitraraity 772 to the distal extremity 773. A collar 778 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The coMar 776 
swves as a mechanism for retracting the sleeve as shown m F^ure 2 to uncover the seif*expanding sealing 
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nadnoiim 666 ahti the catheter hu bean deptoyeil to pumit the self-Mpaodino suIhid mecbanian 666 to npand 
■nd tern a soai with tin arterial vaual adiaont tha stanasis to be treated. 

Another orbodiinant of a catheter apparatut for treating oeciuded vsneb inurporatinB tha present 
imrantion is shown in Rgures 3 and 4. As shown therein, the apparatus 781 consists of a gininB catheter 782 
having pronnal and distal extrenitiu 783 and 784. As shown, the distal utremitr 784 b provided with a pre- 
fonned bend of e conventional type. A conventional attachment 786 is mounted en tha prexnai anrantty 783. 
Self-eipandinB sul mechanism 79J is mounted on the distal ntremty 784 and is of tha type heninbefore desoted 
in connection with the embodimems shewn in Figures 1 and 2. A sleeve 796 sndar to the slaave 771 of the 
previous embodiment is provided h the prasam embodenent for encasing the self-eipanfing seal mechanism 791 and 
for rdeesino the same after it has been di^iosed in en epproptiate poshion within a vessel adjacent the ocdusion 
to be treated. Thus, a sleeve 796 is provided laving proximal and distal eztrenities 797 and 798 and havrng a bore 
799 extimding from the proiimal enremity to the distal extremity which is sized so that ii can receive the guide 
cathaur 782. It is provided with a coyer 801 on its proximal extremhy which is adopted to be disposed outside 
the petient and which is adapted to be grasped by the physician for puHing tha sleeve 796 prexinally to uncover 
the self-expanding seal 791 after the apparatus has been deployed to pemit the self-expansion of tha aealing 
mechanism 791 to fomi a seal with the vessel wall es shown in Figure 4. 

hi accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the same function as the main uthatir. To accomplish this, tha assanddy 781 can be imroducad 
into the fonoral artery and the distal extremity advanced into the desired location in tha arterial vesseL After it 
has been properly positioned, the physician can retract the sleeve 796 to pennit the aeH-upanding seal nachanism 
791 to expand and to form a seal with the wall of the arterial vessel to occlude the arterial vessel and intenupt 
the flow of blood in the vessel to provide e working spaca distal of the occlusion formed. This prevents smal 
partieies which may tharasftar bi dislodged from moving downstream. Since a central kimen is avaaable, the 
therapeutic procedures hereinbefore described can be employed with tha catheter apparatus shown in Fpires 1. 2. 
3 and 4. 

(Uthough the seff-ezpanding seeRng mechanism 666 (791| can ba deployed by retracting the aieeve 771 
(798) as (iraviously described, tha sealing mechanism can also be deployed by pushing the flexUe elongate member 
852 (guiding catheter 7821 through the sleeve so that the sealing mechanism can expand. TWs may be the preferred 
way of deploying the sealing mechanism 666 (7911, if there is fttle clearance between the epparatus 6S1 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaginB tha patient's vessel. As dbcussed 
below in comaction with subsequent figures, the seafnp mechanism 666 (7911 may altematneiy conqirise members 
such es a ul a ribbon-fte stwcture, a slotted tube, or a filtsr-Eke mesh. In each case, the seaing nachanism 
expends to partiaUy or compjetely ocdude the vessel in question, or altemativriy, to anchor an intravaseubr device 
to the vassal 
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AltefnaTivg Sctf-Eroanrfinn Meiriwri 

Another emhodimBnt usino a taraMtd structuri is shown sdmaticatty in FIG. 5, in wiich a fiutbie efongate 
ffwnbw 20 is tfiiposid wiihtn a auond abngm nmfaer 24 such as a hypotube. A self txpanding mechantsm 28 
such as a faraidad structura is saeorad to tha distal and at tha aionffata mmbar 20. prefarably within an indentation 
32 of nwmbar 20. The hraidad structure 28 is on»r partiairy encapsulated by a preferably atastomeric membranB 
36 that makes a seal with the patient's vrnel 40. (Aharaativaly, a coateig such as a polymeric coating may be 
used in place of the nwnbranu disdeud herein.) In this and the other embodhients, adhesive may be used to 
secure the seff^xpanding mechanism 28 end the membrane 36 to the ebmiiate member 20. In the entodiment of 
FIG. 5. the braided stmcture 28 and membrane 36 are designed to be asymmetrical, with more matvial being 
concamrated at the proximal side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400, superelastic or heat activated Nitinol en von base shape memory attoy. or a polymer 
base, su!:h as polyethylene or polypropylene. They may be constnicted, for example, by using standard OQutpment 
such as 0 braider. 

Ahbough the embodrant of RG. 5 shows the flexiite elongate member 20 connected to a guidewire tip 
44, other technolcgias for guiding the device through the patient's vessel 40 may be used in this and the other 
embodimBms. such as e guidewire (either over the wire or single operator) or the exchange catheter method, as is 
wel known in the art. Also, although not exptichly shown in the embodin«nt of RG. 5 and the other erebodinwnu 
herein, tliese embodtments may inckxle lumens, aspiration and inigation fittings, and collars Eke those ikistrated n 
RGS. U. 

The membrene 36 is preferably impervious to the fbw of blood (RG. 6a) for those appficatbns not requiring 
perfusion, although a peHorated membrane 36* (RG. 6b) having numerous holes 37 therein may be used in other 
applkations to alk)w the passage of blood. The holes 37 are preferably greater than 10 microns in diameter and 
may be up to 80 microns or more in diameter to permit the passage of bbod cells inominally 6- 10 microns in 
diameter) through the membrene 36' while blocking larger partkutates such as emboli likewise, a perforated 
membranii 36' may be used in the other embodrnems diseased herein. Antrthrombogenic coatings can be used (c^., 
heparin) to prevent thrombosis fomution. 

RG. 7 shows en embodrnent ei which a braided stmcture 50 is not enclosed by a membrane. When the 
brakled structure 50 comprises, for example, e diamond mesh pattern in which adjacent wires are separated by about 
10-80 miCTons, the braided suucture pemvts the passage of red bkiod cells, ivfifle blocking the fbw of metter that 
may be undesirable, e.g. embo6 or other pancuUtes that may be fomied or dislodged during medical procedures. 
Thus, this embodiment is weU suited for eppkcations for which perfuskm is required. 

Ahemathre self^ipanding media are shown in FIGS. 6 and 9. In RSS. 8 and 9, a self-eipanding filter-«ke 
mesh 60 and a salf^pending sfotted tube 7Z respectively, ere surrounded by a rrmbrane 62 that is preferably 
eUstomeric. The filter-like mesh 60 lor slotted tube 72) and membrane 62 are borvlad or otherwise secured to e 
flexi)le ektngate member 64. e.g« to an indentatmn therein. As with the other seH^panding media disclosed herein, 
the fyter-tfce mesh 60 (or slotted tube 72) expands from its unexpanded state when the flexible elongate member 
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64 s purted through a second •h.ngit. luninr 66. .r .h«.n.tweJy, when the lecoml eiongat. m«.*<r 66 « 
i«r«ned ever the firit elonoate member 64. The filter-like mesh 60 (or sloned lube 72) then eipendi so that the 
memteane 62 ionm a seal with the simimdino nod 68. A giodewire tv 70 aids in ouidino the device throuph 
the vessel 6B. The fitv-like mesh 60 end slotted tube 72 are el e soluble shq>. memory imterial such as Nitinol 
0, 1304 or 400) stainless steeL The fiker-fte mesh 60 b fibrous h «,„r^ taHns s«n«vhet enlogous to steel wool. 
The slotted tube 72 has . I.ttic»«k. appearance. The ,k>tt«] tobe 72 mar be eonstnttted. for example, by 
trediatino a thin-walnl tube with . laser be«n to fom heh, in the tube in Ihe shap. of polygons such as oblong 
qusdrilaterals. An unexpended, skitted tube 74 b shown in FIG. 10. 

FIG. 1 1 ibstntes another embodenent, in which a coil 80 serves as the self«p»idins mechanism. The 
ceil 80 may be integrally fomied with s frit elongate n»flter 82 or be otherwise specially joined to it, e.g. by 
weidino or brazino the cod to the elongate member 82. The coil 80 is »irroumled by e mentrane 84 that expends 
with the coy when it is pushed out of a second elongate member 86. or ehemativaly. when the second eionpate 
member 86 is retracted from the coil 80. Thus, the mimbraoe forms e sul with the surrounding vessel 90. The 
meffibrene 84 may be ettaehed directly to the first elongete member 82, or to a member 88 such as a disk that is 
in turn seared to the cofl 80 or the first elongate m«nber 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be attached to the first elongate member 82 or to the member 88. if one is used. 

An embodiment similar to that shewn in FIG. 11 is Ibstrated n RG. 1Z n wlch the membrane 84 is 
secured it the proximal end to e separate sheath 94. In this case, the theeth 84 end the first elongate mendier 
82 in extended together ovr and through, reipecthrely. the second elongate member 86. Assembly may require 
preltsding the coil 80 through the distal end of the second elongete member 86. 

Another embodinent that employs s self-expending medium is shown in FIG. 13, h which e pkiratity of 
fftbow 100 maki contact with a mwnbrane 102 while they expami to urge the membrane towards the well of the 
vessel 104 where h makes e sul. The ribons 100 of this embodiment are preferably secured to e fint elongate 
member 106 it both ends of the ribbons, by, for example, gluing them in plaee. The riibom may be 0.001-0.004" 
I 0.005-0.020" X 0.25-1.0- suips of Nitinol. stainleu steel or Efcitoy« which expend when urged out of the lacond 
ekinoite member 108. A guidewire tip 1 10 may be used for guiding the device through the vessel and is preferably 
Mcured to the distal end of the first elongate member 106. 

FIG. 14 iftjstraus an ambodimsm smilir to the one in FIG. 13, in whch ribs 120 such as wees form a 
series of semidrailir arcs when they expand. The ribs 120 are surrounded by e membrane 122 that expands with 
the rib> to fomi I seal with the vessel 124. The mmiber of ri» 120 is praterebly et k»st three. The ribs 120 ere 
prefereSly anached directly to a first eJangata member 124 that is sunounded by a secomi elongate member 126. 
The rits 120 themselves are preferably made of a shape memory material such as Nitiral or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in thi other seH-expending embodimems, the seK-expending mechanism 100 (120) is in an unexpanded 
state »«en endosed 6y the second elongate member 108 (1261. and expands when pushed or pulled beyond the 
second elongate member 108 (1261. 
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Wwnah-niiafrfino embaifenHUi 

1 HBit BCtiwatMt wnbwiinwmi 

HGS. 12A md 12B bmran how liMtnBal muns can be uid to gentrita toit to upand an expansion 
mambar. A fun aioiiBata mamiicr 82' land a eon BO' which adjoins it. cod 80' and mamber 82' bang sriiiar to thait 
unpriffled eountarpam) a pref trably mada of heat aetivatad NitineL an iron base shape memory alley, or another 
material thai expands when exposed to heat. As shown in FIG. 12A. low profile, low resistivity electrical lines 81 
and 83 preterably pass either through or along the second alongaia member 86 and are attached (B.g.. soldered) to 
the first elongate member 82' on either side of the coil 80'. Whan currant is appied through the aianricai Enas 81 
and 83 (the power supply is not shown but is preferably outside the patient), the coi 80' heats up through resistive 
heating, and the coil upends to urge the membrane 84 to cantact the vessel wall 80. Alternatively, as shown in 
FIG. 128, the first elongeie member 82' may have a coating 65 of gold or silver. In this embodment. the coated 
elongate member 82' is used to pass current (with most of the currant preferebly being carried by the coating 85. 
so that most of the energy is deposited in the eel 801, with the circuit being completed with a low resistivity wve 
87 that is preferably coraiected (e.g, soUeredl to eithr the second elongate member 86 or the sheath 94. This 
principle of resistwe heatino to upand a upansiin member can be applied to the other embodinnnts disclosed herein 
as wen. 

HGS. 13A, 138. and 13C ilhjstrste how heat transfer using a iquid can deploy an expansnn mandier. The 
ribbons 1 00' are preferably mads of heat acthrated Mtinol. an iron base shape memory aioy.Tr another materiel that 
upends tvhen uposed to heat In the embodiment of FIG. 13A, e wwm seiine solution 107 is passed between the 
first and second elongate members 105 and 108 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As the rbbons 100' heat up. they expand, thereby urging the meirtrane 102 egainst the vessel 
wall 104. As Hktstrited in RG. 138. tho warm sabie sokAien 107 may also be passed through the first elongate 
member 106 and then through holes 109 in member 106 so that the saline sohnion 107 mora directly transfers heat 
to the riblwns 100'. In this entodimem. one or more holes 1 1 1 in the meniuma 102 (distil to where the seal with 
the vessel wail 104 is made) may be used to allow the saline solution 107 to flow away beyond the rbbons 100* 
after heat transfer to the ribbons occurs. As Ikistratad in FIG. 13C. the seiine sohition 107 may aUo be passed 
through one or more closed loop coils or lumens 113 within the first elongate menter 108. fai this way. the ribbons 
100' and the patient's blood ara not uposed directly to any solution. Using heat transfer can also be applied to 
the other wnbodiments disctosed herein, provided the upansion member is suitebly constructed. 

i-i MechanieellY d eoloved enfeoilimems 

(Ither non-self-upanding seaiino mechanisms that can be used for ocduding e vessel are described bdow. 
In the emkodinent of FIGS. 15-17. a first ekuiBita member 140. preferably a pull wra, is (when the device is 
completely assembled) atuched to a brace member 144 that is in turn attached to a first riig mendwr 148. 
Adjoining the first ring member 148 and a second ring member 152 are a piurafity of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 is a membrane 160 that forms a seal with the 
patient s vessel 182 when the riibons are upended. The membrana 160 is joined to et least one end preferably 
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both of the lins members 148 and 152. The mnnbrme 160 on be joined to only one of the ring memtart 148 
and 152, for eiample, when Hw meiriirara 160 utmds far enouoh n the lonBiwdinal dirinion to permit the 
membrane to make a oood teal with the tassal 162 wh« the rSibons 156 «a deployad. 

To atomtle the device, the fint and tecend ring memben 148 and 152. the ribbons 156, and the 
mamhrane 160 are ptoead as a unit around a second eloagate mrnte 166. whidi has a pair of eppositelv frag 
hohs 170 and 172. The brace irambar 144 is inserted throagh the hotos 170 mi 172 and secured to both the 
lidl wire 140 and the first ring member 14B. furthr. the second ring member 152 is secured to the second 
elongate member 166. This assambU eanfquration, with the ribbons 158 h their kmgitudinil orientation, is 
ftmrated in FIG. 16. As Itastreted in 06. 17, when the pull wire 140 is retracted, the riibons 156 (shown in 
phanteml end the membrane 160 that surreunds them are urged towards the veuel 1 6Z where the membrane maiies 
a aul with the vessel. The ribbons 160 are preferably resiBont enough so thet they return to ther longitudinal 
oriemstion when the pull wire 140 is raleased. The ebsticity end resience of the pu« wre 140 also Wk» the 
ribons 156 return to their undeployed configuration. A puidewira tip 171 may be used to assist in puidinp the 
device to the desired locatian in the vassal 162. 

A preferred way of retracting the puU wire 140 is shown in HGS. ISA and 18B. FIG. ISA shows the pull 
wire 140, which is anachad to the brace member 144. A rotatable handle 180 is attached to a locking nwiter 
184 wiiich in turn is fastened to the puR wee 140. When the locking mendiBr 184 ctaars the second ebngete 
nwnbe- 165 vnthin which it resales (which is preferably outside the patiant), the lockng member and nntabki 
handle 180 may be oriented es illustrated in FIG. 18B to kem the puB wire 140 teught. thereby preventing the 
sealing mechanism from returning to its undeployed position. The puH wire 140 mey be made of stainless or nitnal 
end mey have a diameter of O.0O6-0JX3B inches, for a catheter having an OJ). of 0J)14", for example. 

An alternative to the deployment apparatos iustrated in FIGS. 18A and IBB is shown in FIG. 19, in which 
a hande member 190 is grssped by the clinician to retract the puR wire 140. thereby deploying the seaing 
mechenism. Once extended, the seeing mechanism prcferebly has the tendency to return to iu undepkiyed positioa 
which ei the process puks the puB wire 140 beck into the second elongate member 186. TWs can be prevented by 
inserdno » ipecer member 194 between the bindle menbr 190 end the second elongate mentor 166. After the 
medical procedure is complete, and oedusion of the vessel is no tanger required, the spacer member 194 cen be 
removed and the pull wee 140 end the seeing mechanism returned to their respective undeployed positions. The 
device un then be removed from the patient. 

Although the prmeipla of using e non-self-expanding mechanism has been Ihistrated n FIGS. 15-17 with 
raspeet to def ormabia ribbons, other non-self -expanding msebenisna. as Ikntratad ai FIGS. 20A-20D, can be employed 
in conjunction with the breca member 144 and the first and second ring namben 148 and 152. For example, 
nstead sf using rbbons 1 58, a non-soH-cxpending braided structure 200 can be used, n which the braided structure 
200 adjoins first and second ring mambws 148 end 152 end is covered with a mandirene 160 to form the unit 204 
shown in FIG. 20A. The unit 204 cen be used in conjunaian with an eiongeta mendicr 166. e brace member 144, 
e guidsvrire tip 171, a first ekmgate member 140 sneh as a puQ wire, a rotatable handle 180. and a lacking member 
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184 to form • dnin inalavout to thi ribboiHfaiud dtviei of fKL 15. Alttmatively. othv mtetanisis can be used 
for socurno tbo pull win 140, such n • huidlo nMmter 190 ond a tpaeor numb* 194. 

Otiar BOMiK-upandinBrrachMitflB wch « a fitar-fika math 20B. a slotted tuba 212, and coils 216 can 
ba utad to iom units 220, 230. and 240 analogous to tba faraidtd structurt unit 204 as shown in FIGS. 20B, 20C. 
and 200. Units 220. 230, and 240 can ikawlsa ba usad to conttniet davices analoDous to the ribbon^ased device 
ikistrated in RGS. 1519. Further, if unit 204 is usad without a nwiArane. it mav assist n blood perfusion if the 
bnided structure 200 » sutaUir constructed. Altamatively. pariorated memfaranas Gke mambnnas 36' of FIG. 6B 
mav be used to permit blood periuiion. Although the ribbons 156. the bnidad structure 200. the filtsr-ike mesh 
208, the slotted tube 211 and the coib 218 must ba actively dcpioyed (a-g. with a pull wire 140), they are 
nevarthidess simiar to their salf-expanding countarpartt. 

It shouU be understood that the scope of the present imrention is not ba fimited by the ■ustrations or the 
foiegoing description thereof, but rather by the appended claims, and certain variations aral modifcatnns of this 
invention wil sugoest themselves to ana of ordinary ski h the art. 
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WHAT IS CLAIMED IS - 

1. A devicB for ocdudtng a vascular stBmim. con^mttng: 
an eipanuon mambai; trtd 

first and second ekmptti mamfaBn, wherem satd first dongate monber engages said expansion member and 
said secoml elongati member engages sail first ehuigate member, sakf expension member expanding to at least 
partialy occkide the vascular segrant when one of said elonoate menters b moind longitudinaly. 

1 The device of Claim 1, further con^rang e meterial that edjoins said expansion member lor 
creating a sea) with the vascular segment. 

3. The device of Claim 2. wherein said material does not cempletetY encapsulate said expansion 

member. 

4. The device of Claim 1, wherein said expansion member is a ftlter-fte mesh attached to an 
indentation within said first elongate member. 

5. The device of Claim K wherein said expansion member is in en unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5, wheren said expansion member expands when said first elongate membv 
is pushed through said second elongate member. 

7. The davice of Clain 5. wherein said expansion member is self-expanding. 

B. The device of Claim 7, wherein said seff-expanding member comprises a mender selected from the 
group ccnsisting of a breld. e col. a ribbon like structure, a slotted tube, e pbirafty of ribs and a fiter-lfte n»sh. 
9. The device of Claim 1, wherem said second elongete member b also secured to said expansion 



member. 

10. 

retracted. 

n. 



The device of Claim 9. wherein said expansion member expends as said first elongate roento b 



The device of Claim 9. wherein said expansion member comprbes a member selected from the 
group consbting of a breid. a pkralrty of cois, a ribbon-like stnicture. e slotted tuba and a fiter-iike mesh. 

12. The device of Clari 9. wherein said expansion member expends as the rdative positbn of said 
frst and second elongate members chenges. 

13. A method of occkjding a sagmnt within a vessel con^irising: 

inserting first and second elongate members into the vessel wherein the first elongate member B^m an 
expansion member and 

varying the position of at least one of tha elongata membvs so that the expansion menter expands unti 
the vessxJ b occluded. 

14. The method of Ciasn 13. n which said varying step comprbes retracting one of the ebngate 

members. 

15. The method of Claim 14. in which said retracting one of the elongata nnmbers causes the 
expansion member to expand. 
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16* The method of Clasn H, in which the axpanuon mmber idjoins both tlonpate mttnbsrs, and the 
rilathre position of the eloooite rnmbv s is varied to expand the expansion member until the vessel is occluded. 

17. The method of Claim 13, in which said varyino step comprises pushing one of the elongate 
meirters thrauoh the other elongate member. 

18. The method of Claim 13. further conprisino: 
parf orminQ a medical procedure near the ocduded site: and 

retrievng the eioi^iate members and the expansion member from the vessd. 

19. A method, comprisino: 

inserting an expension member within the vassel; and 

heating the expansion member to cause it to expand unti the vessel is at least partially ocduded. 

20. The method of Claim 19, in which the expansion member is comprised of e material selected from 
the group consisting of heat activated Nitinol and an iron base shape memory alloy. 

21. The method of Claim 19, in which said heating the expaniion member comprises passing electrical 
current through it. 

21 The method of Claim 19, cn which said heating the expansion member comprises flowing vrarm 
sohition near the expansion member to heet up the expansion member. 
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